Two experiments were conducted to determine the digestibility of crude protein (CP), amino acids and energy in three Chinese corn distillers dried grains with solubles (DDGS), one rice DDGS, one American corn DDGS and one American high protein distillers dried grains (HP-DDG). In Exp. 1, the apparent ileal digestibility (AID) and standardized ileal digestibility (SID) of CP and amino acids in the six samples were determined using cannulated barrows (initial BW: 43.3±1.7 kg). In Exp. 2, the digestible energy (DE) and metabolizable energy (ME) content of these six samples were determined using crossbred barrows (initial BW: 46.0±2.5 kg). The results of the two experiments indicated that Chinese corn DDGS is generally similar to American DDGS in chemical composition, digestibility of amino acids, DE and ME. However, Chinese DDGS had a lower Lys concentration (0.50% vs. 0.74%) and SID Lys (52.3% vs. 57.0%, p<0.01). The DE and ME values in Chinese corn DDGS were 3,427 and 3,306 kcal/kg, respectively. Rice DDGS had a similar DE and ME (3,363 and 3,228 kcal/kg) but higher Lys concentration (0.64% vs. 0.50%) to corn DDGS, while the SID of Lys was quite low (61.8%, p<0.01). HP-DDG had high value of SID of Lys, DE and ME (79.8%, 3,899 and 3,746 kcal/kg). In conclusion, except for a lower Lys concentrations and availability, the chemical composition, digestibility of amino acids, DE and ME values in Chinese corn DDGS are similar to American corn DDGS. Additionally, the rice DDGS had lower Lys content and digestible Lys values than that in corn DDGS. Thirdly, HP-DDG has higher levels of digestible amino acids and energy than DDGS.
INTRODUCTION
Distillers dried grain with solubles (DDGS) are a byproduct of the ethanol and alcoholic beverage industry. They contain considerable nutrients and are high in energy and protein content (Cromwell et al., 1993; Spiehs et al., 2002) . With increased production in recent years, DDGS have been increasingly included in swine feed (Zhu et al., 2010) . There has also been a rapid increase in use of DDGS in swine diets in China due to the price volatility of alternative ingredients and the recent development of an ethanol industry.
The nutrient content and digestibility of DDGS produced in the United States have been well characterized (Fastinger and Mahan, 2006; Stein et al., 2006; Pedersen et al., 2007) . The composition and nutrient digestibility are affected by several factors such as the type of grain used to produce the DDGS, the quality of the solubles added back to the distillers dried grains and the level of heat damage (Pahm et al., 2008) . However, there is very limited data on the nutrient digestibility of Chinese DDGS obtained from different grains or regions, imported DDGS, and HP-DDG from America. Therefore, the objective of this study was to determine the digestibility of amino acid in DDGS sourced from plants located in different Chinese provinces. The second objective was to compare the digestibility of different kinds of DDGS and HP-DDG from China and the U.S. The third objective was to determine the DE and ME in Chinese DDGS. (Tables 3 and 4 ). The concentration of CP of the six treatments was maintained at the same level. In addition, a N-free diet was formulated to determine the basal endogenous nitrogen lost. 0.30% Chromic oxide was used as indigestible marker in the experimental diets (Stein et al., 2006) . A 7×7 Latin-square design was used with seven diets and seven collection periods with each period lasting 7 d. The initial 5 d of each 7 d period were used to adapt the pigs to their experimental diets. On d 6 and 7 of every period, ileal digesta were collected with a rubber bag from 08:30 to 18:30. Bags were changed every 30 min or when they were full. After collection, all the samples were immediately stored at -20°C and were lyophilized before chemical analyses. The body weight of each barrow was measured at the beginning of every period. The pigs were fed at 9% of their metabolic body weight (BW 0.75 ). Daily feed allowances were divided into 2 equal meals and fed at 08:00 and 18:00. Water was available ad libitum.
Determination of DE and ME
In Exp. 2, seven crossbred barrows [(Yorkshire× Landrace)×Duroc, initial BW: 46.0±2.5 kg] were used to measure the DE and ME content in the six DDGS samples. A basal diet based on corn (96.66%), limestone, salt, vitamins and minerals was formulated. The remaining six diets were formulated by mixing 50% corn with 48.3% as well as 1.7% of limestone, salt, vitamins and minerals (Tables 5 and 6 ). All the barrows were allotted to a 7×7 Latin-square design with seven diets and seven collection periods each with an experimental period lasting 7 d. Pigs were housed in the same conditions as Exp. 1.
Body weight of each barrow was measured at the beginning of every period. The pigs were fed at 9% of their Each period consisted of a 4 d adaptation period and a 3 d collection period. All feces and urine of the last 3 d in every period were collected. Collection began at 08:30 on d 5 and ended at 08:30 on d 1 of the next period. The feces were gathered just after excretion or at 08:30 and 18:30 of every collection day and stored at -20°C. Urine buckets were placed under the floor of the metabolism cages. The buckets were emptied twice a day, and 50 ml of 6 N sulfuric acid was added to the buckets when they were emptied. After being weighed, 20% of each urine sample was stored at -20°C. After the experiment, the feces were lyophilized, then ground before chemical analyses. Feces and urine samples were mixed respectively within animal and diet, and a subsample was collected for chemical analysis.
Sample preparation and chemical analysis
Analyses of all samples were conducted in duplicate. The analyses were repeated if the results of the duplicates differed by more than 5%. The DDGS, HP-DDG, corn, diets, and feces samples were analyzed for dry matter (procedure 930.15, AOAC). All the feeds, DDGS, HP-DDG and digesta samples, including feces and urine were analyzed for gross energy, (via bomb calorimetry, Parr Instruments, Moline, IL). Kjeldahl N were analyzed with Kjeltec TM 2100 semi-automatic analyzer (Thiex et al., 2002) . The amino acid content of DDGS, HP-DDG, feeds and digesta samples were determined by high performance liquid chromatography (Hitachi L-8800 Amino Acid Analyzer, Tokyo, Japan). All samples were hydrolyzed for 24 h at 
Calculations and statistical analysis
The apparent ileal digestibilities (AID, %) of each DDGS were calculated using the Eq. (1) :
( 1) in which AA d was the concentration of that amino acid in the ileal digesta (g/kg of DM), AA f was the concentration of that amino acid in the diet (g/kg of DM), Cr f was the chromium concentration in the diet (g/kg of DM), and Cr d was the chromium concentration in the ileal digesta (g/kg of DM). The AID for CP was also calculated using this equation.
Basal ileal endogenous losses (basal IAA end , g/kg of DMI) were calculated based on the digesta obtained from the N-free diet, using Eq. (2) :
The endogenous loss of CP was determined using the same equation.
Standardized ileal digestibilities (SID, %) of CP and amino acids of each DDGS were calculated using Eq. (3) :
The SID of CP was determined using the same equation. After chemical analysis, the energy lost in feces and urine was calculated for each diet, and the DE and ME in each of the 7 diets were calculated. By subtracting the DE and ME contributed by the corn diet to the experimental diets, the DE and ME contributed by each source of DDGS were calculated by their difference (Adeola, 2001) . Energy of urine was determined for the calculation of ME.
Statistical analysis
Data were statistically analyzed using the MIXED procedure of SAS (SAS 8.2 Inst. Inc., Cary, NC). Each pig was an experimental unit. The 6 sources of DDGS were compared using an ANOVA with DDGS source, pig, and period as the main effects. In both experiments, the CONTRAST option of SAS was used to compare values from DDGS sourced from different regions and fermented from different grains. An alpha level of 0.05 was used to assess significance among means.
RESULTS

Chemical composition of samples
Analysis of the chemical composition of DDGS (Tables 1, 2) showed that DDGS produced from rice (CH4) had the lowest crude fat and gross energy level (6.44% and 4,513 kcal/kg) among all the samples, while the concentration of crude fiber was the highest (10.85%). Compared with the American corn DDGS sample (US1), Chinese corn DDGS had a similar nutrient level except for higher levels of ADF, P and micro minerals and a lower level of Lys (0.50% vs. 0.74%). Due to the low level of Lys, the Lys to CP ratio of Chinese corn DDGS is lower than that of American DDGS (1.93% vs. 2.87%).
Apparent ileal amino acids digestibility
The results of the AID value of amino acids and CP in all DDGS samples are shown in Table 7 . There was significant difference in AID values of Ile, Leu, Lys, Met and Phe between the three Chinese corn DDGS samples. The AID of Lys was greater in DDGS from Hebei (CH3) than in DDGS from Jilin (CH2) and Shandong (CH1) (p<0.01). The mean of AID of Lys was 45.1% and ranged from 41.9% to 49.3%. The AID of amino acids in Chinese corn DDGS was similar to the DDGS from the US (US1), except for higher values of Pro and Phe and a lower value of Lys (p<0.05). The AID of all the amino acids of rice DDGS (CH4) was lower than the AID in the four corn DDGS samples (p<0.01), except for Arg. The AID of Lys in rice DDGS was 35.7%. Except the AID of Val, all the AID of essential amino acids of HP-DDG (US2) were significantly different from corn DDGS (p<0.05). The AID of Lys in HP-DDG was 51.8% Which was greater than corn DDGS (p<0.05).
Standardized ileal amino acids digestibility
The results of the SID value of amino acids and CP in all the DDGS samples are shown in Table 8 . The SID had significant differences in the values of Ile, Leu, Lys, Met, Phe among the three Chinese corn DDGS samples. The SID of Lys is greater in DDGS from Hebei (CH3) than that of DDGS from Jilin (CH2) and Shandong (CH1) (p<0.01), thus it was in the same situation as the AID of Lys. The mean of SID of Lys was 52.3% and ranged from 48.8% to 57.0%. The SID of amino acids in Chinese corn DDGS was similar to the DDGS from the US (US1) except for higher values of Pro and Phe and a lower value of Lys (p<0.05), which also applied for the comparison of AID. The rice DDGS (CH4) had lower SID of all the amino acids than the SID in the four corn DDGS samples (p<0.05), but no difference in Arg was observed. The SID of Lys in rice DDGS was 41.8%. All the SID of essential amino acids of HP-DDG (US2) were significantly different from corn DDGS, except for the SID of Val. The SID of Lys in HP-DDG was 59.8% and greater than that of corn DDGS (p< 0.05).
Digestible and metabolizable energy
DE and ME of DDGS samples are shown in Table 9 . Among the three Chinese corn DDGS samples, DDGS from Jilin province (CH2) contained greater DE (p<0.05) and ME (p<0.01) than DDGS from Shandong province (CH1) and Hebei province (CH3). The means of DE and ME in Chinese corn DDGS were 3,427 and 3,306 kcal/kg, respectively. There was no significant difference between Chinese corn DDGS samples and the American sample in DE and ME. The DE and ME of rice DDGS was 3,158 and 3,047 kcal/kg, respectively. The difference in SID values between corn DDGS and rice DDGS was not observed, but HP-DDG contained greater DE and ME than corn DDGS (p<0.01).
DISCUSSION
Nutrient composition of different kinds of DDGS and HP-DDG
Most of the values of nutrient composition, such as the AID and SID of CP and amino acids and the DE and ME, of the 4 corn DDGS were in the range of previously reported values (Spiehs et al., 2002; Fastinger and Mahan, 2006; Stein et al., 2006) . The values of HP-DDG were similar to the results that were reported by Widmer et al. (2007) and Kim et al. (2009) . However, there is no data reporting the NRC, 1998) , but a higher level of NDF and ADF (12.2% vs. 9.6%, 3.1% vs. 2.8%, respectively, NRC, 1998) . Chinese corn DDGS had a lower concentration of Lys and higher NDF value than NRC (1998) reported. It is also lower than the data of DDGS from US (Spiehs et al., 2002; Fastinger and Mahan, 2006; Stein et al., 2006) . Moreover, different levels of minerals between Chinese and American DDGS have been observed in this experiment. This may be due to the environmental factors during the grain's growth.
Effect of different regions on digestibility of amino acids in corn DDGS
Many studies have shown various amino acid digestibilities in DDGS sourced from different plants (Fastinger and Mahan, 2006; Stein et al., 2006 Stein et al., , 2009 ). The variation is even greater with Lys because heat damage can have a huge effect on its availability (Cromwell et al., 1993; Pahm et al., 2008) . In this study, the average AID and SID value of CP and most amino acids in the 4 corn DDGS were similar to other studies (Widmer et al., 2007; Kim et al., 2009) . The AID and SID of amino acids in different DDGS samples varied, and the variation of Lys was observed in this study, which indicated that the digestibility of amino acids in Chinese corn DDGS can also be affected by the region in which the grain was grown. Moreover, in this study, the AID and SID of Lys in Chinese corn DDGS was lower than that in American corn DDGS. The lower Lys to CP ratio of Chinese corn DDGS compared with that of American DDGS (1.93% vs. 2.87%), was consistent with a previous study which indicated that the DDGS which contained a high level of Lys had a higher SID value of Lys than DDGS which was low in Lys (Stein, 2007) . The low SID value of Lys in Chinese DDGS may also be due to the high fiber content (Urriola et al., 2009 ).
Ileal amino acids digesitbility of different kinds of DDGS and HP-DDG
Different resources for DDGS production have a notable impact on amino acid digestibility (Urriola et al., 2009) . In this study, the AID and SID of amino acids in rice DDGS were lower than that of corn DDGS samples. These values were also lower than those in other studies on the AID and SID of amino acids in corn DDGS (Fastinger and Mahan, 2006; Stein et al., 2006; Pahm et al., 2008) . This may be due to the effect of fermentation on different types of grains. Additionally, the high fiber content in rice DDGS may also lead to a low digestibility of amino acids. This may indicate that rice DDGS has lower amino acid availability than that in corn DDGS. There is little previous research on the nutrient availability of HP-DDG. The HP-DDG that was used in the present research contained 38% CP. The value of AID and SID of amino acids was similar to the data reported by Widmer et al. (2007) and Kim et al. (2009) . The AID and SID of amino acids in HP-DDG was higher than that in corn DDGS in this study, which was also consistent with a previous study (Widmer et al., 2007) .
DE and ME content in different kinds of DDGS and HP-DDG
The DE levels of corn DDGS were similar to corn in previous studies (Stein et al., 2006; Pedersen et al., 2007) . The ME level of corn DDGS was a little lower than corn in the NRC (1998). This may be a result of high crude fiber levels in corn DDGS, but in this research, the ME level in DDGS was similar to corn, as consistent data reported previously (Pedersen et al., 2007) . The DE and ME values of corn DDGS in this experiment were in the range of published data (Spiehs et al., 1999; Fastinger and Mahan, 2006; Stein et al., 2006; Pedersen et al., 2007) and higher than the NRC (1998). However, there is a significant difference of DE and ME levels between the 4 corn DDGS (p<0.01). The DE and ME levels of DDGS from Hebei province (CH3) of China are significantly lower than that of DDGS from Jilin (CH2) and US (p<0.01). It indicates that the region of production also affects the energy value of corn DDGS. The rice DDGS contained a similar gross energy level to corn DDGS, but had lower DE and ME values, though the comparison was not significant. This may indicate that rice DDGS has a lower energy value in swine diets. HP-DDG contained more DE and ME than corn DDGS samples. Moreover, it was reported that feeding 20%, or higher levels of HP-DDG in a complete diet, to growing-finishing pigs did not affect the performance, carcass composition, muscle quality of pigs, or palatability (Widmer et al., 2008) . Additionally, Kim et al. (2009) reported that HP-DDG can replace all soybean meal in diets fed to finishing pigs without any impact on growth performance and carcass characteristics. Therefore, HP-DDG may be a candidate as a substitute for soybean meal.
In conclusion, from the results of the two experiments, the chemical composition, digestibility of amino acids, DE and ME values in Chinese corn DDGS is similar to American corn DDGS, except for a lower Lys concentration and digestibility. Secondly, the rice DDGS had lower nutrient and digestible amino acids values than corn DDGS. And third, HP-DDG has higher levels of digestible amino acids and energy than DDGS.
